We show that the leading term in the strong-interaction limit of the adiabatic connection that has as weakinteraction expansion the Møller-Plesset perturbation theory can be fully determined from a functional of the Hartree-Fock density. We analyze this functional and highlight similarities and differences with the stronginteraction limit of the density-fixed adiabatic connection case of Kohn-Sham density functional theory.
λ: ρ λ=0 (r) is the HF density ρ HF (r), and ρ λ=1 (r) is the exact physical density ρ(r). Note that Teale et al. 40 have analyzed a related adiabatic connection, in which the external potential is kept fixed; in that framework in the limit λ → ∞ all the electrons but one escape to infinity. From Eq. (7), the Hellmann-Feynman theorem yields the exact formula 
where E MPn c the n th term in the MP series. As is wellknown (see, e.g., Refs. 41 and 42) , the radius of convergence of the MP series is in general smaller than 1. Here we ask the question: what happens to Ψ HF λ and W HF λ as λ → ∞? After answering this theoretical question, we will discuss its actual relevance for constructing approximations.
When λ becomes very large, the term λ(V ee −Ĵ −K) in Eq. (7) becomes more and more important, and we argue that the wavefunction Ψ HF λ should end up minimizing this term alone, similarly to the DFT case 21 of Eq. (6) . The difference here is that the minimizer is not constrained to yield a fixed density, and the operator to be minimized also contains −Ĵ −K. We further argue that the expectation value ofK is subleading with respect to the one ofV ee −Ĵ, i.e., we argue that
Before we shall support this conjecture with a variational argument, we discuss its consequences. If Eq. (11) holds, then Ψ HF λ for λ → ∞ ends up minimizing the even simpler operator λ(V ee −Ĵ ),
The "asymptotic hamiltonian"Ĥ HF ∞ =V ee −Ĵ[ρ HF ] is completely specified by the HF density ρ HF (r), since
|r−r ′ | dr ′ . Consequently, also the minimizer in Eqs. (12) and (13) is specified solely by ρ HF ,
and the minimum in Eq. (13) 
the square modulus |Ψ HF ∞ | 2 of its minimizing wave function is a distribution in R 3N that is zero whereverĤ
as a function of r 1 , ..., r N does not assume its global minimum (if it were otherwise it would not be optimal as we could always lower the energy by increasing the weight of the wave function in the global minimum ofĤ HF ∞ ). In other words,
is the minimum total electrostatic energy of N equal classical point charges (−e) in a positive background with continuous charge density (+e)ρ(r). The term U [ρ], inherited from Eq. (9), represents the backgroundbackground repulsion.
Strictly speaking, the minimizer Ψ HF ∞ is not in the space of allowed wavefunctions, so that the minimum is actually an infimum, similarly to the DFT case.
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Equations (14)- (15) comprise a central result of this work: they show that the strong-interaction limit of the HF adiabatic connection can be determined from a functional of the HF density, providing some theoretical justification for resumming the MP series by using a DFTlike expansion at large λ with functionals of ρ HF , (16), we see that both hamiltonians consist of the electron-electron repulsion operator and of an attractive one-body potential. In the HF case the attractive potential is −v H (r, [ρ]), which is, for typical Hartree-Fock densities, strong enough to create a classical bound crystal. To be more precise, −v H (r, [ρ] ) is more attractive than the one-body potential v ∞ (r, [ρ] ). In fact, the potential v ∞ (r, [ρ]), which has been studied in several works 21, [44] [45] [46] is generated by a charge that integrates to N − 1,
while the attractive potential −v H (r, [ρ] ) is generated by the given density ρ(r), which integrates to N . For finite systems, the state Ψ 
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We note in passing that, for given occupied HF orbitals, we have the chain of inequalities
The first one, W 
for which we have
and, from the dual formulation of W 
which clearly completes the proof. As promised, we provide a variational argument to support the assumption of Eq. (11), sketching the main points and leaving a more detailed treatment to a longer paper. We start by considering the global minimum R min ≡ {r 
where G α (r) = 2 , with α a λ-dependent variational parameter that goes to infinity for large λ, α(λ) ∼ λ q with q > 0. By construction, when α → ∞ (i.e., when λ → ∞) we have that
where Ψ HF ∞ was introduced in Eq. (12) (in the case of degeneracy we can select one of the minimizers, since here we only want to obtain an upper bound to the lowest eigenvalue of H HF λ ). We now analyze, for large α, the expectation value on Ψ T λ of each term appearing inĤ HF λ of Eq. (7), obtaining
where t, h, and k are all positive numbers. This is obvious for t, but it is also true for k because the expectation of −K is positive for any wavefunction Ψ, asK has a negatively definite kernel. The fact that the expectation value ofK on Ψ T λ vanishes as α −1 for large α is due to the non-locality ofK, which samples the gaussians in the bra and in the ket in different points of space, and to the regularity properties of the HF orbitals (which have no delta-function singularities). The positivity of h in Eq. (27) can be proven by expandingĤ HF ∞ around R min up to second order, which gives an hessian matrix positive definite.
Putting together Eqs. (26)- (29) and replacing α with λ q we find that, for large λ, the expectation value ofĤ
Being t, h and k positive, we see that the best variational choice to make the next leading term after O(λ) increase with the lowest possible power of λ is q = 1/2, as conjectured in Eq. (11) . Although Ψ T λ of Eq. (24) is not antisymmetric, we can always properly antisymmetrize it, which only leads to corrections O(e −α ) in the computation of the expectation values, similarly to the DFT case.
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Thus, we have explicitly constructed a variational wavefunction that yields the minimum possibile value for the leading term O(λ) in the expectation ofĤ
is the global minimum of the multiplicative operatorV ee −Ĵ, there is no wavefunction that can yield a lower expectation for this operator. Moreover, since −K is positive definite, the best we can do is to make its expectation zero when λ → ∞, which our wavefunction is able to do.
This variational argument also shows that the next leading term in W HF λ should be order λ −1/2 , similarly to the DFT case of Eq. (5) . A quantitative estimate of this next leading term could be in principle obtained by using the normal modes around the minimum ofV ee −Ĵ: a unitary transformation from the r i −r min i to the normal modes coordinates ξ 1 , . . . , ξ 3N that diagonalize the hessian ofĤ HF ∞ at R min leads to a set of uncoupled harmonic oscillators whose spring constant scales with λ, 
This wavefunction should provide the minimum possible expectation, to order λ 1/2 , ofT + λ(V ee −Ĵ). However, since −λK is of the same order λ 1/2 , we cannot exclude at this point that the minimization of the fullT +λ(V ee − J −K) could lead to a different set of occupied oscillator states. This investigation will be the object of future works. From our present treatment we have so far
with
where W ′HF K,∞ is due to the effect of −λK at orders λ and is a functional of the occupied HF orbitals. Eq. (34) should be exact while Eq. (35) is for now a conjecture. We also see that both W HF ∞ and W ′HF ∞ have a part that is a functional of the HF density only, and a part that is a functional of the occupied HF orbitals. In both cases, the part that is a density functional has an origin similar to the one of the DFT functionals of Eq. (5), being, respectively, a classical electrostatic energy and the potential energy of zero-point oscillations around a classical minimum. The parts that need the knowledge of the occupied HF orbitals do not appear in the DFT case. This structure should be exact, although the detailed form of W ′HF ∞ might include a different set of occupied oscillator states.
Although the λ → ∞ limit of W
